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(54) Information playback apparatus, signal processing apparatus, information playback 
method, and optical recording medium 



(57) An information playback apparatus (200) of the 
present invention is provided with: a first detecting unit 
(1 52) for supplying a difference between respective out- 
put signals optically obtained by a pair of detectors for 
reading the information of the first track (MT); a second 
detecting unit (151 ) for supplying a difference between 
respective output signals optically obtained by a pair of 
detectors for reading the information of the second track 
(ST1 ) adjacent to the first track (MT); a first demodulat- 



ing unit (202) for demodulating a detected signal sup- 
plied from thef irst detecting unit (1 52), a second demod- 
ulating unit (201) for demodulating a detected signal 
supplied from the second detecting unit (1 51 ). A coeffi- 
cient controlling unit (205) extracts the crosstalk caused 
by the second track (ST1), which is included in a de- 
modulation signal obtained by the first demodulating 
unit (202), from the same signal and controls a coeffi- 
cient based on the extracted crosstalk, and cancels the 
crosstalk by the calculated coefficient. 
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Description 

[0001] The present invention relates to an information 
playback apparatus, a signal processing apparatus, an 
information playback method, and an optical recording 5 
medium for use in reproducing information on an optical 
recording medium, and more particularly to an optical 
recording medium having short intervals of tracks, and 
an information playback apparatus, a signal processing 
apparatus, and an information playback method for use 
in reproducing information on the optical recording me- 
dium. 

[0002] Recently, optical discs represented by CD and 
DVD are used practically. Specifically, CD-R (CD-Re- 
cordable) which can record digital data only once and 
CD-RW (CD-ReWritable) which can rewrite digital data 
a plurality of times, as well as CD-DA (CD-Digital Audio) 
that is a recording medium for playback-only, have been 
put into practical use. 

[0003] At a time of recording and reproducing in an 
optical disc, it is necessary to rotate the optical disc at 
a predetermined speed. A playback-only recording me- 
dium can determine a predetermined speed by synchro- 
nizing the rotating speed with the reproducing frequency 
of digital data at playback. Contrarily, a recordable re- 
cording medium such as CD-R and CD-RW cannot con- 
trol the rotating speed in the above way, because digital 
data is not initially recorded on the tracks. Therefore, in 
the recordable medium, tracks are wobbled in corre- 
spondence with address information, thereby control- 
ling a rotating speed based on wobble signals read from 
the tracks and recognizing the addresses of the tracks. 
[0004] As a recording method of the address informa- 
tion by wobbling, which is now in practical use : a method 
of wobbling a track according to an FM -modulated wob- 
ble signal is known. A method of wobbling tracks ac- 
cording to the address information by phase-modulation 
of a wobble signal is disclosed in USP5, 999,504 (corre- 
sponding to Japanese Patent Publication Laid-Open 
No. H1 0-69646). 

[0005] On the other hand, further improvement in re- 
cording density is desired to an optical disc. When in- 
creasing the recording density of an optical disc, a space 
between spiral tracks (the space in the radius direction 
of an optical disk) cannot help getting narrower. There- 
fore, it becomes difficult to thoroughly focus a laser spot 
on a predetermined track, and there is a problem of gen- 
erating crosstalk from adjacent tracks. 
[0006] In a conventional apparatus, crosstalk of an RF 
signal is eliminated on the basis of an error between an 
actual signal from a photo-detector and an ideal signal. 
[0007] However, when recording the address data by 
phase modulation of wobble, the wobble signal wave- 
form becomes a sine wave. This is why a carrier signal, 
which carries address data is recorded by wobbling the 
group in an analog way. Generally, it is difficult to detect 
the error (crosstalk amount) from this analog signal 
waveform. A signal before actual demodulation has a 



random noise and it becomes very noisy. Therefore, it 
is practically impossible to detect an error. 
[0008] In consideration of the above problem, it is an 
object of the present invention to provide an information 
playback apparatus, an information playback method, 
and an optical recording medium capable of eliminating 
crosstalk from the adjacent tracks even in a wobble sig- 
nal. 

[0009] The above object of the present invention can 
be achieved by an information playback apparatus for 
reading information of an optical recording medium, ac- 
cording to the present invention. The apparatus is pro- 
vided with: a first detecting device (152) which supplies 
a difference between respective output signals optically 
obtained by a pair of detectors for reading information 
of a first track (MT); a second detecting device (151) 
which supplies a difference between respective output 
signals optically obtained by a pair of detectors for read- 
ing information of a second track (ST1) adjacent to the 
first track (MT); a first demodulating device (202) which 
demodulates a detected signal supplied from the first 
detecting device (152); a second demodulating device 

(201) which demodulates a detected signal supplied 
from the second detecting device (151); a crosstalk ex- 
tracting device (205) which extracts crosstalk caused by 
the second track (ST1), which is included in a demodu- 
lation signal obtained by the first demodulating device 

(202) , from the same signal; a coefficient controlling de- 
vice (205) for controlling a coefficient based on the 
crosstalk extracted by the crosstalk extracting device 
(205); and a crosstalk canceling device (211) which can- 
cels the above crosstalk on the basis of the coefficient 
calculated by the coefficient controlling device (205). 
[0010] According to the present invention, the infor- 
mation playback apparatus can extract the crosstalk 
caused by the second track, which is included in a de- 
modulation signal, control the coefficient based on this 
extracted crosstalk, and cancel the crosstalk by this co- 
efficient, thereby canceling the crosstalk effectively, and 
eliminating the crosstalk, for example, also in the wobble 
signal. 

[0011] In one aspect of the present invention, the co- 
efficient controlling device (205) calculates a correlation 
between the crosstalk extracted by the crosstalk extract- 
ing device (205) and the demodulation signal obtained 
by the second demodulating device (201) and controls 
the coefficient for use in the crosstalk canceling device 
(211) so as to reduce a correlation. 
[0012] According to this aspect, the crosstalk can be 
eliminated effectively by controlling a correlation be- 
tween an error included in a demodulation signal de- 
modulated by the first demodulating device (202) and 
the demodulation signal obtained by the second demod- 
ulating device (201) to a small value. 
[0013] In another aspect of the present invention, the 
crosstalk canceling device may cancel the crosstalk in 
a signal before demodulation by the first demodulating 
device, and alternatively it may cancel the crosstalk in 
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a demodulated signal by the first demodulating device. 
[0014] In further aspect of the present invention, the 
first detecting device (1 52) and the second detecting de- 
vice (151) may detect wobbles of tracks formed on an 
optical recording medium. 

[0015] According to this aspect, the crosstalk in the 
wobble signal can be eliminated effectively. 
[0016] In further aspect of the present invention, the 
first demodulating device (202) and the second demod- 
ulating device (201 ) may demodulate phase-modulated 
wobbles. 

[0017] In further aspect of the present invention, the 
information playback apparatus is further provided with 
a positional deviation compensating device (217) for 
compensating timing corresponding to each positional 
deviation of the first detecting device (152) and the sec- 
ond detecting device (151) in a direction of reading in- 
formation, in which a control in the crosstalk canceling 
device (211) may be performed in a state of adjusting 
timing between a signal obtained through the first de- 
tecting device (152), the signal being adjusted in good 
timing by the positional deviation compensating device 
(21 7), and a signal obtained through the second detect- 
ing device. 

[0018] According to this aspect, since the phase of a 
signal obtained through the second detecting device 
(151) corresponds to the actual crosstalk, the crosstalk 
can be eliminated effectively. 

[0019] In further aspect of the present invention, the 
information playback apparatus is further provided with 
a carrier signal reading device for reading a carrier sig- 
nal of the first track (MT), the carrier signal being sup- 
plied to the second demodulating device (201), and a 
phase adjusting device for adjusting phase of the carrier 
signal in accordance with phases of the output signals 
of the first detecting device (152) and the second de- 
tecting device (151). 

[0020] According to this aspect, since the phase of the 
signal obtained through the second detecting device 
(151) corresponds to the actual crosstalk, the crosstalk 
can be eliminated effectively. 

[0021] In further aspect of the present invention, the 
crosstalk extracting device (205) may extract the cross- 
talk by comparison between the value of an output sig- 
nal of the first demodulating device (202) having the 
crosstalk canceled and two reference levels. 
[0022] According to this aspect, since the two refer- 
ence levels are used in an error detection, the crosstalk 
component can be eliminated efficiently. 
[0023] In further aspect of the present invention, the 
crosstalk extracting device (205) may extract the cross- 
talk based on a signal level at a zero cross point in the 
output signal of the first demodulating device (202) hav- 
ing the crosstalk canceled. 

[0024] According to this aspect, since an error is de- 
tected based on the signal level at a zero cross point, 
the crosstalk component can be detected efficiently. 
[0025] In further aspect of the present invention, the 



4 

crosstalk extracting device (205) may extract the cross- 
talk by comparison of the value of an output signal of 
the first demodulating device (202) having the crosstalk 
canceled and the value at a zero cross point of the out- 
5 put signal with three reference levels. 

[0026] According to this aspect, since an error is de- 
tected based on the three reference levels, the crosstalk 
component can be detected efficiently and according to 
an increase in the number of samples, the influence of 
noise can be reduced. 

[0027] The above object of the present invention can 
be achieved by an information playback apparatus for 
reading information of an optical recording medium, ac- 
cording to the present invention. The apparatus is pro- 
vided with: a first detecting device (152) which supplies 
a difference between respective output signals optically 
obtained by a pair of detectors for reading information 
of a first track (MT); a second detecting device (151 ) and 
a third detecting device (152) which respectively sup- 
plies a difference between output signals optically ob- 
tained by each pair of detectors for reading respective 
information of a second track (ST1) and a third track 
(ST2) on the both sides adjacent to the first track (MT); 
a first demodulating device (202) which demodulates a 
detected signal supplied from the first detecting device 
(152); a second demodulating device (201) which de- 
modulates a detected signal supplied from the second 
detecting device (151); a third demodulating device 
(203) which demodulates a detected signal supplied 
from the third detecting device (153); crosstalk extract- 
ing devices (205, 206) which extracts crosstalk caused 
by the second track (ST1) and the third track (ST2), 
which is included in a demodulation signal obtained by 
the first demodulating device (202), from the same sig- 
nal; coefficient controlling devices (205, 206) forcontrol- 
ling coefficients based on the crosstalk extracted by the 
crosstalk extracting devices (205, 206); and crosstalk 
canceling devices (211, 212) which cancels the above 
crosstalk on the basis of the coefficients calculated by 
the coefficient controlling devices (205, 206). 
[0028] According to the present invention, since the 
crosstalk caused by the second track and the third track, 
which is included in the demodulation signal, is extract- 
ed from the same signal, the coefficients are controlled 
based on the extracted crosstalk, and the crosstalk is 
canceled by the coefficients, the crosstalk can be can- 
celed effectively, and the crosstalk, for example, also in 
the wobble signal can be eliminated. 
[0029] In one aspect of the present invention, the co- 
efficient controlling devices (205) calculate a correlation 
between the crosstalk extracted by the crosstalk extract- 
ing device (205) and the demodulation signal obtained 
by the second demodulating device (201) and a corre- 
lation between the crosstalk extracted by the crosstalk 
extracting device (205) and the demodulation signal ob- 
tained by the third demodulating device (203), and con- 
trols the coefficients for use in the crosstalk canceling 
devices (211 , 212) so as to make a correlation small. 
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[0030] According to this aspect, a correlation between 
the error included in the demodulation signal demodu- 
lated by the first demodulating device (202) and the de- 
modulation signal obtained by the second demodulating 
device (201 ), and a correlation between the error includ- 
ed in the demodulation signal demodulated by the first 
demodulating device (202) and the demodulation signal 
obtained by the third demodulating device (203) are 
controlled to small values, thereby eliminating the cross- 
talk effectively. 

[0031] In another aspect of the present invention, the 
crosstalk canceling device may cancel the crosstalk in 
a signal before demodulation by the first demodulating 
device, and alternatively it may cancel the crosstalk in 
a demodulated signal by the first demodulating device. 
[0032] In further aspect of the present invention, the 
first detecting device (1 52), the second detecting device 
(151), and the third detecting device (153) may detect 
wobbles of tracks formed on an optical recording medi- 
um. 

[0033] According to this aspect, the crosstalk in the 
wobble signal can be eliminated effectively. 
[0034] In further aspect of the present invention, the 
first demodulating device (202), the second demodulat- 
ing device (201 )> and the third demodulating device 
(203) demodulate phase-modulated wobbles. 
[0035] In further aspect of the present invention, the 
information playback apparatus is further provided with 
a positional deviation compensating device (217, 218) 
which compensates timing corresponding to positional 
deviations of the first detecting device (1 52) , the second 
detecting device (151), and the third detecting device 
(153) in a direction of reading information, wherein a 
control in the crosstalk canceling device (211 , 212) may 
be performed in a state of adjusting timing among a sig- 
nal obtained through the first detecting device (152), the 
signal being adjusted in good timing by the positional 
deviation compensating device (217, 218), a signal ob- 
tained through the second detecting device (151), and 
a signal obtained through the third detecting device 
(153). 

[0036] According to this aspect, since the phase of the 
signal obtained through the second detecting device 
(1 51 ) and the signal obtained through the third detecting 
device (153) correspond to the actual crosstalk, the 
crosstalk can be eliminated effectively. 
[0037] In further aspect of the present invention, the 
information playback apparatus according to the 
present invention may comprise: a carrier signal reading 
device (202b) which reads a carrier signal of the first 
track (MT), the carrier signal being supplied to the sec- 
ond demodulating device (201) and the third demodu- 
lating device (203); and phase adjusting devices (217, 
21 8) which adjusts the phases of the carrier signals ac- 
cording to the phases of the output signals of the first 
detecting device, the second detecting device, and the 
third detecting device. 

[0038] According to this aspect, since the phases of 



the signal obtained through the second detecting device 
(1 51 ) and the signal obtained through the third detecting 
device (153) correspond to the actual crosstalk, the 
crosstalk can be eliminated effectively. 
5 [0039] In further aspect of the present invention, the 
crosstalk extracting device (205) may extract the cross- 
talk by comparison between the value of an output sig- 
nal of the first demodulating device (202) having the 
crosstalk canceled and two reference levels. 
10 [0040] According to this aspect, since the two refer- 
ence levels are used in an error detection, the crosstalk 
component can be detected efficiently. 
[0041] In further aspect of the present invention, the 
crosstalk extracting device (205) may extract the cross- 
's talk based on a signal level at a zero cross point in the 
output signal of the first demodulating device (202) hav- 
ing the crosstalk canceled. 

[0042] According to this aspect, since the error is de- 
tected based on the signal level at a zero cross point, 

20 the crosstalk component can be detected efficiently. 
[0043] In further aspect of the present invention, the 
crosstalk extracting device (205) may extract the cross- 
talk by comparison of the value of an output signal of 
the first demodulating device (202) having the crosstalk 

25 canceled and the value at a zero cross point of the out- 
put signal with three reference levels. 
[0044] According to this aspect, since the error is de- 
tected based on the three reference levels, the crosstalk 
component can be detected efficiently, and according to 

30 an increase in the number of samples, the influence of 
noise can be reduced. 

[0045] The above object of the present invention can 
be achieved by an optical recording medium with tracks 
wobbled, according to the present invention. In the op- 
35 tical recording medium, the wobble of the track is formed 
in a shape of canceling the crosstalk from the second 
track adjacent to the first track at playback of the first 
track. 

[0046] According to the present invention, since the 
40 crosstalk from the second track is canceled at playback 
of the first track, the accurate wobble signal can be ob- 
tained. 

[0047] In one aspect of the present invention , an add- 
subtract ratio of the wobble of the second track to the 

45 wobble of the first track may be fixed at a constant value 
on the whole tracks. In this case, the add-subtract ratio 
may be in a range of -0.25 to 0.25. 
[0048] The above object of the present invention can 
be achieved by an optical recording medium with tracks 

so wobbled, according to the present invention. In the op- 
tical recording medium, the wobble of the track is formed 
in a shape of canceling the crosstalk from the second 
track and the third track adjacent to the first track at play- 
back of the first track. 

55 [0049] According to the present invention, since the 
crosstalk from the second track and the third track is 
canceled at playback of the first track, the accurate wob- 
ble signal can be obtained. 
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[0050] In one aspect of the present invention, an add- 
subtract ratio of the wobbles of the second track and the 
third track to the wobble of the first track may be fixed 
at a constant value on the whole tracks. In this case, the 
add-subtract ratio may be in a range of -0.25 to 0.25. 
[0051] The above object of the present invention can 
be achieved by an information playback method, ac- 
cording to the present invention. The method is one for 
reproducing information in an information playback ap- 
paratus having a first detecting device for supplying a 
difference between respective output signals optically 
obtained by a pair of detectors for reading information 
of a first track of an optical recording medium and a sec- 
ond detecting device for supplying a difference between 
respective output signals optically obtained by a pair of 
detectors for reading information of a second track ad- 
jacent to the first track. The method is provided with: a 
first demodulating process for demodulating a detected 
signal supplied from the first detecting device; a second 
demodulating process for demodulating a detected sig- 
nal supplied from the second detecting device; a cross- 
talk extracting process for extracting crosstalk caused 
by the second track, which is included in a demodulation 
signal obtained in the first demodulating process, from 
the same signal; a coefficient controlling process for 
controlling a coefficient based on the crosstalk extracted 
in the crosstalk extracting process; and a crosstalk can- 
celing process for canceling the above crosstalk on the 
basis of the coefficient calculated in the coefficient con- 
trolling process. 

[0052] According to the present invention, since the 
crosstalk caused by the second track, which is included 
in the demodulation signal, is extracted from the same 
signal, the coefficient is controlled based on the extract- 
ed crosstalk, and the crosstalk is canceled by the coef- 
ficient, the crosstalk can be canceled effectively, and the 
crosstalk, for example, also in the wobble signal can be 
eliminated. 

[0053] The above object of the present invention can 
be achieved by an information playback method, ac- 
cording to the present invention. The method is one for 
reproducing information in an information playback ap- 
paratus having a first detecting device for supplying a 
difference between respective output signals optically 
obtained by a pair of detectors for reading information 
of a first track of an optical recording medium and a sec- 
ond detecting device and a third detecting device for re- 
spectively supplying a difference between output sig- 
nals optically obtained by each pair of detectors for read- 
ing respective information of a second track and a third 
track on the both sides adjacent to the first track. The 
method is provided with: a first demodulating process 
for demodulating a detected signal supplied from the 
first detecting device; a second demodulating process 
for demodulating a detected signal supplied from the 
second detecting device; a third demodulating process 
for demodulating a detected signal supplied from the 
third detecting device; a crosstalk extracting process for 



extracting crosstalk caused by the second track and the 
third track, which is included in a demodulation signal 
obtained in the first demodulating process, from the 
same signal; a coefficient controlling process forcon- 
5 trolling a coefficient based on the crosstalk extracted in 
the crosstalk extracting process; and a crosstalk cance- 
ling process for canceling the above crosstalk on the ba- 
sis of the coefficient calculated in the coefficient control- 
ling process. 

w [0054] According to the present invention, the cross- 
talk caused by the second track and the third track, 
which is included in the demodulation signal, is extract- 
ed from the same signal, the coefficient is controlled 
based on the extracted crosstalk, and the crosstalk is 

*5 canceled by the coefficient, the crosstalk can be can- 
celed effectively, and the crosstalk, for example, also in 
the wobble signal can be eliminated. 
[0055] Although the present invention has been de- 
scribed with the reference numeral attached in a paren- 

20 thesis in the accompanying drawings for easy under- 
standing, it is not restricted to the form of the drawings. 
[0056] In the Drawings; 

FIG. 1 is a view showing an example of applying a 
25 conventional apparatus for eliminating crosstalk of 
RF signals from adjacent tracks, to a wobble signal; 
FIG. 2A is a view showing a waveform of a wobble 
signal before demodulation including no crosstalk 
and no noise; 

30 FIG. 2B is a view showing a waveform of a wobble 
signal before demodulation including crosstalk and 
noise; 

FIG. 2C is a view showing a waveform of an address 
signal after demodulation in the case of demodulat- 
es ing a wobble signal including crosstalk and noise; 

FIGS. 3A and 3B are views showing a basic struc- 
ture of an information playback apparatus in pre- 
ferred embodiments of the present invention; 
FIG. 4 is a view showing a change of error rate be- 
40 fore and after crosstalk cancellation; 

FIG. 5 A is a view showing eye patterns before 
crosstalk cancellation; 

FIG. 5B is a view showing eye patterns after cross- 
talk cancellation; 

45 FIG. 6A is a view showing a simulation result of eye 
patterns before crosstalk cancellation; 
FIG. 6B is a view showing a simulation result of eye 
patterns after crosstalk cancellation; 
FIG. 7 is a view showing another basic structure of 

so an information playback apparatus in preferred em- 
bodiments of the present invention; 
FIG. 8 is a circuit block diagram showing an infor- 
mation playback apparatus in preferred embodi- 
ments; 

55 FIG. 9 is a view showing a structure of an optical 
system for reading the information recorded in an 
optical disc in preferred embodiments; 
FIG. 10 is a view showing a recording method of 
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address information in preferred embodiments; 
FIG. 11 A is a view showing the relationship among 
a wobble signal, a carrier signal, and a multiplying 
signal; 

FIG. 11 B is a view showing a circuit example used 
in demodulation; 

FIG. 12 is a conceptual view showing an example 
of a method for controlling an adopted coefficient in 
preferred embodiments; 

FIG. 13 is a view showing the waveform after de- 
modulation of a main track and an ideal waveform 
including no crosstalk in preferred embodiments; 
FIG. 14 is a conceptual view showing a block dia- 
gram for detecting an error in preferred embodi- 
ments; 

FIG. 15 is a view showing the waveform after de- 
modulation of a main track and an ideal waveform 
including no crosstalk in preferred embodiments; 
FIG. 16 is a conceptual view showing a block dia- 
gram for detecting an error in preferred embodi- 
ments; 

FIG. 17 is a view showing the waveform after de- 
modulation of a main track and an ideal waveform 
including no crosstalk in preferred embodiments; 
FIG. 18 is a conceptual view showing a block dia- 
gram for detecting an error in preferred embodi- 
ments; 

FIG. 19 is a circuit view showing an apparatus for 
obtaining a wobble signal used in recording wob- 
bles of an optical disc in preferred embodiments; 
and 

FIG. 20 is a circuit view showing another apparatus 
for obtaining a wobble signal used in recording wob- 
bles of an optical disc in preferred embodiments. 

- Information Playback Apparatus - 

[0057] Hereinafter, an information playback appara- 
tus in a preferred embodiment of the present invention 
will be described with reference to FIG. 2 to FIG. 18. 
[0058] First, a basic structure of the information play- 
back apparatus in the preferred embodiment will be de- 
scribed. 

[0059] FIG. 3 is a view showing the basic structure of 
the information playback apparatus of the preferred em- 
bodiment. As a method of recording address information 
by phase modulation of wobble, a description will be 
made by way of an example in the case of using a meth- 
od of wobbling tracks according to address information 
by such phase modulation that brings binary address 
information into correspondence with the phase of wob- 
ble (for example, 0° and 180° ). 

[0060] The information playback apparatus shown in 
FIG. 3A is provided with: delay units 11 , 12, and 13 for 
delaying detected signals Ssubl , Smain, and Ssub2 for 
a predetermined time; demodulation units 14, 15, and 
16 for demodulating wobble signals recorded by phase 
modulation; error detecting units 1 7 and 18 for respec- 



tively detecting an error included in a demodulation sig- 
nal Sdemod; and coefficient controlling units 19 and 20 
for respectively controlling a crosstalk canceling coeffi- 
cient according to the information of the error detecting 

s units 1 7 and 18. The signals Ssubl , Smain, and Ssub2 
are detected by three detectors for respectively reading 
out wobbles (address information) of three adjacent 
tracks formed on an optical disc. The error detecting 
units 1 7 and 1 8 may be formed in one shared detecting 

10 unit. 

[0061 ] The delay un its 1 1 , 1 2, and 1 3 are used for can- 
celing the relative positional relation of optical spots of 
the detectors for reading the wobbles of the three tracks. 
In the case of radiating three beams on mutually adja- 
15 cent tracks, the optical spots are disposed in a direction 
of reading the track information (wobble), inotherwords, 
at each position deviated from each other in the circum- 
ferential direction of the optical disc. The delay units 11 
to 13 adjust delays of the detected signals Ssubl, 
20 Smain, and Ssub2 so as to cancel the positional devia- 
tions of the optical spots in the circumferential direction 
of the optical disc. Thus, signals S 11( Sm3, and S 12 sup- 
plied from the delay units 11 to 13 correspond to the de- 
tected signals in the case of equally aligning three opti- 
cs cal spots in a radius direction of the optical disc. 

[0062] The error detecting unit 1 7 detects an error AS 
between an ideal address demodulation signal and the 
address demodulation signal Sdemod actually supplied 
from the demodulation unit 15 and supplies it to the co- 
30 efficient controlling units 19. The coefficient controlling 
unit 1 9 detects correlation between the error AS and the 
signal S^ and supplies a coefficient k11 corresponding 
to the correlation, to a multiplier 21 , where the coefficient 
k11 is multiplied by the signal S^. On the other hand, 
35 the coefficient controlling unit 20 detects correlation be- 
tween the error AS and the signal S 12 and supplies a 
coefficient k12 corresponding to the correlation, to a 
multiplier 22, where the coefficient k12 is multiplied by 
the signal S 12 . 

40 [0063] As illustrated in FIG. 3A, the output values of 
the multiplier 21 and the multiplier 22 are subtracted 
from the signal Sm3 supplied from the delay unit 12, 
hence to get a signal Sm4. Further, the signal Sm4 is 
demodulated by the demodulation unit 15 and the ad- 

45 dress demodulation signal Sdemod is supplied. 

[0064] According to a feedback control by the above 
two loops, the coefficients of the multipliers 21 and 22 
are controlled so as to get the minimum AS, in other 
words, so as to get the minimum crosstalk from the both 

so adjacent tracks in the address demodulation signal Sde- 
mod. Thus, the crosstalk from the both adjacent tracks 
in the address demodulation signal Sdemod is can- 
celed. 

[0065] The address demodulation signal Sdemod 
55 having the crosstalk canceled is entered to the demod- 
ulator 23, hence to reproduce the address information. 
[0066] In this way, in the structure of FIG. 3A, the 
crosstalk with respect to the detected signal before de- 
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modulation is canceled, and the address demodulation 
signal is obtained by demodulating the detected signal 
after cancellation of the crosstalk. 
[0067] On the contrary, the structure shown in FIG. 3B 
indicates the case of canceling the crosstalk with re- 
spectto the demodulated detected signal. The same ref- 
erence numeral is respectively attached to the same el- 
ement as shown in FIG. 3A. 

[0068] As illustrated in FIG. 3B, in this structure, the 
crosstalk is canceled by subtracting demodulated sig- 
nals, which are output signals of the demodulation unit 
14 and the demodulation unit 16, from the demodulated 
signal, which is the output signal of the demodulation 
unit 15. Also in this structure, according to a feedback 
control by the two loops concerned with the multiplier 
21 and the multiplier 22, the coefficients of the multipli- 
ers 21 and 22 are controlled so as to get the minimum 
correlation that is calculated by the coefficient control- 
ling units 19 and 20, namely, so as to get the minimum 
crosstalk from the both adjacent tracks in the address 
demodulation signal Sdemod. Thus, the crosstalk from 
the both adjacent tracks in the address demodulation 
signal Sdemod is canceled. The functions of the delay 
units 11 to 13 are the same in the case of the structure 
shown in FIG. 3A. 

[0069] FIG. 2C shows an address signal waveform 
which have been demodulated in the apparatuses of 
FIG. 3A and FIG. 3B, in the case of demodulating a wob- 
ble signal including crosstalk and noise. The demodu- 
lated address signal waveform must be a signal wave- 
form having digital levels (Level (+1) and Level (-1)) in 
the ideal case where no crosstalk exits. Therefore, it is 
possible to detect an error (crosstalk) as for the demod- 
ulated signal waveform as shown in FIG. 2C, by detect- 
ing the deviated amount from the above-mentioned ide- 
al-signal waveform. It has the advantage of decreasing 
influence of noise because of passing a signal through 
a low-pass filter under the process of demodulation. In 
other words, it is possible to control the crosstalk can- 
celing coefficient of a wobble signal. 
[0070] FIG. 4 shows the result of simulating error rate 
in address playback in the structure of FIG. 3B. The con- 
dition of the simulation is NA=0.6, wavelength X =650 
nm, and track pitch=680 nm. 

[0071 ] FIG. 4 shows the bit error rate before and after 
canceling the crosstalk. The horizontal axis shows the 
C/N (carrier/noise) ratio and the resolution bandwidth is 
1 kHz. 

[0072] As illustrated in FIG. 4, in the case of canceling 
the crosstalk, the bit error rate is extremely decreased 
compared with the case of not canceling the crosstalk. 
Especially, it is remarkably effective in the area of high 
C/N ratio. 

[0073] Therefore, a coefficient control based on the 
demodulated signal is able to cancel the crosstalk favo- 
rably and read the address information accurately. 
[0074] FIG. 5 and FIG. 6 show the simulation result of 
eye patterns of a demodulated address signal in the 



case of FIG. 4. 

[0075] FIG. 5 shows the case of having no noise; FIG. 
5A shows the eye patterns before crosstalk cancella- 
tion, and FIG. 5B shows the eye patterns after the cross- 

5 talk cancellation. As apparent from the comparison with 
FIG. 5A and FIG. 5B, according to the crosstalk cancel- 
lation performing the coefficient control based on the de- 
modulated signal, the track of the eye patterns is signif- 
icantly approaching to the waveform of the correct ad- 

10 dress playback signal. Namely, in FIG. 5A, the levels of 
the demodulation signals are not constant, while, in FIG. 
5B the demodulation signals converge to constant lev- 
els. 

[0076] FIG. 6 shows the case of having noise (the 
15 case of C/N=30dB); FIG. 6A shows the eye patterns be- 
fore the crosstalk cancellation, and FIG. 6B shows the 
eye patterns after the crosstalk cancellation. Also in this 
case, the track of the eye patterns in FIG. 6B further 
approaches to the waveform of the original address 
20 playback signal, compared with the case of FIG. 6A. 
Namely, in FIG. 6A, there are some portions where the 
two values (+1 and -1 ) may be judged to inverted, while, 
in FIG. 6B ; there is no such a portion. The waveform of 
FIG. 6B corresponds to the waveform generated by 
25 overlapping a noise component with the waveform of 
FIG.5B. 

- Comparative Example - 

30 [0077] A comparative example will be described with 
respect to FIGS. 1 , 2A, 2B and 2C. 
[0078] In FIG. 1 , a conventional apparatus for elimi- 
nating crosstalk of an RF signal from an adjacent track 
is simply applied to a wobble signal. The apparatus 
35 shown in FIG. 1 is provided with: three delay units 1 , 2, 
and 3 for delaying detected signals Ssubl , Smain, and 
Ssub2 for a predetermined time; an error detecting unit 
5 for detecting an error of a signal Sm; and coefficient 
controlling units 6 and 7 for controlling a crosstalk can- 
40 celing coefficient according to the information of the er- 
ror detecting unit 5. 

[0079] The error detecting unit 5 detects an error AS 
between an ideal signal Sm1 included in the actually- 
supplied signal and supplies it to the coefficient control- 
45 nng units. The coefficient controlling unit 6 detects cor- 
relation between the error AS and the signal S 1 and sup- 
plies the coefficient k1 corresponding to the correlation, 
to a multiplier 8, where the coefficient k1 is multiplied by 
the signal S 1 . While, the coefficient controlling unit 7 de- 
so tects correlation between the error AS and the signal S 2 
and supplies the coefficient k2 corresponding to the cor- 
relation, to a multiplier 9, where the coefficient K2 is mul- 
tiplied by the signal S 2 . 

[0080] As illustrated in FIG. 1 , the output values of the 
55 multipliers 8 and 9 are subtracted from the signal Sm 
supplied from the delay unit 2, hence to generate a sig- 
nal Sm1 . 

[0081] According to a feedback control by the above 
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two loops, the coefficients of the multipliers 8 and 9 are 
controlled so as to get the minimum correlation that is 
calculated by the coefficient controlling units 6 and 7, in 
other words, so as to get the minimum crosstalk from 
the both adjacent tracks in the signal Sm1. Thus, the 5 
crosstalk from the both adjacent tracks in the signal Sm 
is canceled. The signal Sm1 supplied from the appara- 
tus 100 is thereafter demodulated in a predetermined 
way so to get the address information. 
[0082] In this structure of FIG. 1 , an error is extracted 
from a detected signal before demodulation, cancella- 
tion of crosstalk is carried out on the detected signal be- 
fore demodulation according to the coefficient control, 
and the detected signal having the crosstalk canceled 
is demodulated, thereby getting an address demodula- 
tion signal. 

[0083] FIG. 2A shows a wobble signal waveform 
which does not include crosstalk nor noise, and FIG. 2B 
shows a wobble signal waveform which includes cross- 
talk and noise in the apparatus of above-described FIG, 
1. 

[0084] When recording the address data by phase 
modulation of wobble, the wobble signal waveform be- 
comes a sine wave like FIG. 2A. This is why a carrier 
signal, which carries address data is recorded by wob- 
bling the group in an analog way. Generally, it is difficult 
to detect an error (crosstalk amount) from this analog 
signal waveform. A signal before actual demodulation 
has a random noise and it becomes very noisy as illus- 
trated in FIG. 2B. Therefore, it is practically impossible 
to detect an error. 

- Another Embodiment -- 

[0085] FIG. 7 is a view showing another basic struc- 
ture of the information playback apparatus according to 
the present invention. The apparatus shown in FIG. 7 
corresponds to an optical disc in which tracks are wob- 
bled according to address information by modulating the 
phase of wobble : similarly to the apparatus shown in 
FIG. 3. 

[0086] As illustrated in FIG. 7. the information play- 
back apparatus 300 is provided with: demodulation units 
31 , 32, and 33 for respectively demodulating the detect- 
ed signals Ssubl , Smain, and Ssub2 from three detec- 
tors for respectively reading wobbles (address informa- 
tion) of three tracks adjacent to each other formed on 
an optical disc; delay units 34, 35, and 36 for delaying 
the signals S 21 , S 22 , and S 23 , supplied from the demod- 
ulation units 31 , 32, and 33 respectively, for a predeter- 
mined time; error detecting units 37 and 38 for respec- 
tively detecting an error included in the demodulation 
signal Sdemod; and coefficient controlling units 39 and 
40 for respectively controlling a crosstalk canceling co- 
efficient according to the information of the error detect- 
ing units 37 and 38. 

[0087] As illustrated in FIG. 7, a carrier signal is sup- 
plied to the demodulation unit 31 through a phase shifter 



41 . A carrier signal is also supplied to the demodulation 
unit 33 through a phase shifter 42. 
[0088] As illustrated in FIG. 7, the detected signals 
Ssubl, Smain, and Ssub2 from the detectors are re- 
spectively supplied to the demodulation units 31, 32, 
and 33, without adjustment of each delay. Therefore, the 
information playback apparatus shown in FIG. 7 is de- 
signed so that it can change the phases of carrier signals 
given to the demodulation units 31, 32, and 33, in ac- 
cordance with the various phases of the detected sig- 
nals Ssubl , Smain, and Ssub2 depending on the posi- 
tions of optical spots of the respective detectors. The 
delay units 34, 35, and 36 cancel the relative positional 
relation of the optical spots of the detectors. This struc- 
ture can decrease an error of an optical spot, and when 
an error is small enough to be neglected as a demodu- 
lated address signal, the delay units 34, 35, and 36 can 
be omitted. 

[0089] The error detecting unit 37 detects an error AS 
between an ideal address demodulation signal Sdemod 
and the address demodulation signal Sdemod actually 
supplied and supplies it to the coefficient controlling unit 
39. The coefficient controlling unit 39 detects correlation 
between the error AS and the output signal S 24 of the 
delay unit 34 and supplies the coefficient k1 correspond- 
ing to the correlation, to a multiplier 41 , where the coef- 
ficient k1 is multiplied by the output signal S 24 of the de- 
lay unit 34. 

[0090] The error detecting unit 38 detects an error AS 
between an ideal address demodulation signal and the 
address demodulation signal Sdemod actually supplied 
and supplies it to the coefficient controlling unit 40. The 
error detecting unit 37 and the error detecting unit 38 
are completely identical, and generally they are used in 
common. The coefficient controlling unit 40 detects cor- 
relation between the error AS and the output signal S 26 
of the delay unit 36 and supplies the coefficient k2 cor- 
responding to the correlation, to a multiplier 42, where 
the coefficient k2 is multiplied by the output signal S 26 
of the delay unit 36. 

[0091] As illustrated in FIG. 7, the output values of the 
multiplier 41 and the multiplier 42 are subtracted from 
the signal S 25 supplied from the delay unit 35, thereby 
generating the address demodulation signal Sdemod. 
[0092] According to a feedback control by the above 
two loops, the coefficients of the multiplier 41 and the 
multiplier 42 are controlled so as to get the minimum 
correlation that is calculated by the coefficient control- 
ling units 39 and 40, in other words, so as to get the 
minimum crosstalk from the both adjacent tracks in the 
address demodulation signal Sdemod. Thus, the cross- 
talk from the both adjacent tracks in the address demod- 
ulation signal Sdemod is canceled. 
[0093] The address demodulation signal Sdemod in 
which the crosstalk is canceled is supplied to a demod- 
ulator (not illustrated), thereby generating the address 
information. 

[0094] As mentioned above, the information playback 
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apparatus of the present invention includes a device for 
canceling crosstalk in a stage before demodulation and 
a device for canceling crosstalk in a stage after demod- 
ulation as a method of canceling crosstalk. Though in 
the above structure, the case of canceling the crosstalk 
from the both adjacent tracks has been described, the 
crosstalk from only one track of the adjacent tracks may 
be canceled, for example, when an optical spot is devi- 
ated from a central line of a main track toward one side. 
[0095] The order of the delay unit and the demodula- 
tion unit is not restrictive in the present invention. As a 
method of recording address information of an optical 
disc by wobbles, a method of recording wobbles phase- 
modulated depending on the address information has 
been proposed, in addition to a method of recording the 
FM-modulated wobbles. The information playback ap- 
paratus of the present invention, however, can be ap- 
plied to any recording method of address information. 
The information to be recorded by wobbles is not re- 
stricted to the address information. 
[0096] The demodulation unit, the error detecting unit, 
the coefficient controlling unit, and the multiplier may be 
integrated into an integrated circuit (IC). 
[0097] The operation of the error detecting unit in the 
above structure will be described in the following em- 
bodiment. 

[0098] In the following embodiment, a description will 
be made in the case of applying the present invention 
to an information playback apparatus for reading the in- 
formation of an optical disc (especially, wobble or ad- 
dress information) adopting a method of recording ad- 
dress information by phase modulation of wobbles. 

- Other Embodiments - 

[0099] Hereinafter, other embodiments of the infor- 
mation playback apparatus according to the present in- 
vention will be described with reference to FIG. 8 to FIG. 
18. 

[01 00] FIG. 8 is a circuit view showing the structure of 
the information playback apparatus according to the 
embodiment, FIG. 9 is a view showing a structure of an 
optical system for reading the information recorded in 
an optical disc, and FIG. 10 is a view showing a record- 
ing method of address information. 
[0101] At first, a recording method of address infor- 
mation in an optical disc DK from which the information 
playback apparatus 200 reads information will be de- 
scribed. 

[0102] As illustrated in FIG. 10, the address informa- 
tion of an optical disc DK is recorded into every group 
by using binary data, 0 and 1 . As illustrated in FIG. 8 
and FIG. 9, the groups are wobbled in a shape of a pe- 
riodic sine wave, and the data 0 and 1 forming the ad- 
dress information are recorded as wobbles of one cycle 
having 0° and 180° phase respectively. The frequency 
of the wobble is positioned between the tracking servo 
bandwidth and the RF signal bandwidth. 



16 

[0103] Next, the information playback apparatus 200 
will be described. 

[0104] As illustrated in FIG. 8 and FIG. 9, the informa- 
tion playback apparatus 200 is provided with: a laser 

5 101; a diffraction grating 102; a beam splitter 103; an 
objective lens 104; a photo detector 105; a demodula- 
tion unit 201 including a low-path filter 201a; a demod- 
ulation unit 202 including a low-path filter 202a and an 
PLL circuit 202b; a demodulation unit 203 including a 

10 low-path filter 203a; coefficient controlling units 205 and 
206; and amplifiers 211 and 212. 
[0105] Hereinafter, the details and operation of each 
unit will be described. 

[0106] The laser 1 01 generates an optical beam B for 
15 reproducing information having a predetermined 
strength, and radiates it to the diffraction grating 102. 
The diffraction grating 102 divides the optical beam B 
into a main beam MB to be radiated on a main track MT 
where the information to be reproduced is recorded and 
20 sub beams SB1 and SB2 to be radiated on sub tracks 
ST1 and ST2 formed on the both sides adjacent to the 
main track, and the respective beams are radiated to 
the beam splitter 1 03. 

[0107] The divided main beam MB and sub beams 

25 SB1 and SB2 pass through the beam splitter 1 03 and is 
radiated to the objective lens 104. 
[0108] Thus, the objective lens 1 04 focuses the main 
beam MB, the sub beam SB1 , and the sub beam SB2, 
respectively on the main track MT, the sub track ST1 , 

30 and the sub track ST2. At this time, an optical spot SPM 
by the main beam MB is formed at a radiation position 
on the main track MT, an optical spot SP1 by the sub 
beam SB1 is formed at a radiation position on the sub 
track ST1 , and an optical spot SP2 by the sub beam 

35 SB2 is formed at a radiation position on the sub track 
ST2. As illustrated in FIG. 8, the optical spot SPM, the 
optical spot SP1 , and the optical spot SP2 are arranged 
in a direction inclined to a radius of the optical disc DK 
and they are placed at positions respectively deviated 

40 in the circumferential direction of the optical disc DK 
(reading direction of information). 
[0109] The reflected lights of the main beam MB, the 
sub beam SB1 , and the sub beam SB2 from the optical 
disc DK are converged on the beam splitter 1 03 through 

^5 an inverse course of the original main beam MB and sub 
beams SB1 and SB2. Here, the polarization surfaces of 
the reflected lights of the main beam MB, sub beam 
SB1 , and sub beam SB2 from the optical disc DK are 
rotated at a little angle, by the reflection of the optical 

so disc DK. 

[0110] Thus, the beam splitter 1 03 reflects the reflect- 
ed lights whose polarization surfaces are rotated and 
separately radiates the respective reflected lights on the 
photo detector 105. 
55 [0111] As illustrated in FIG. 8, the photo detector 105 
has detectors 1 51 , 152, and 1 53 for respectively receiv- 
ing the three reflected lights and supplying push-pull sig- 
nals. The respective detectors 151, 152, and 153 in- 
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eludes sensors 151a and 1 51 b, sensors 1 52a and 1 52b, 
and sensors 153a and 153b respectively as a pair. The 
respective detectors 151, 152, and 153 generate three 
detected signals (push-pull signals) Swsubl, Swmain, 
and Swsub2 obtained as a difference between the de- 
tected signals of the respective sensors (for example, 
152a and 152b). 

[0112] Here, the detected signal Swmain corre- 
sponds to the reflected light of the main beam MB, the 
detected signal Swsubl corresponds to the reflected 
light of the sub beam SB 1, and the detected signal 
Swsub2 corresponds to the reflected light of the sub 
beam SB2. 

[01 1 3] The detected signal (push-pull signal) Swsubl 
is supplied to the demodulation unit 201 , the detected 
signal (push-pull signal) Swmain is supplied to the de- 
modulation unit 202, and the detected signal (push-pull 
signal) Swsub2 issupplied to the demodulation unit 203. 
[0114] Next, the operation of the demodulation units 
201 to 203 will be described. FIG. 11 is a view showing 
the demodulation method in the respective demodula- 
tion units 201 to 203. FIG. 11 A is a view showing the 
relationship among a wobble signal, a carriersignal, and 
a multiplying signal, and FIG. 11B is a view showing a 
circuit example used in demodulation. 
[0115] As illustrated in FIG. 11 A, in the optical disc 
DK, the binary address information is recorded by two 
types of phase modulation; 0° and 1 80° of wobble signal 
(sine wave). After multiplying the carrier signal (sine 
wave of the phase 0° in FIG. 11 A) by the wobble signal 
shown in FIG. 1 1 A, a demodulation signal indicating the 
output values (binary) depending on the phase of the 
wobble signal can be obtained by passing the multiply- 
ing signal obtained by the multiplication through the low- 
path filters (the low-path filters 201a, 202a, and 203a). 
[0116] As illustrated in FIG. 11B, the carrier signal can 
be generated by entering the wobble signal into the PLL 
circuit 251 . The carriersignal is multiplied by the wobble 
signal, thereby generating a multiplying signal, and fur- 
ther the multiplying signal is supplied to the low-path fil- 
ter 252, thereby obtaining a low-path filter output. 
[0117] As illustrated in FIG. 8, in the demodulation unit 
202, the detected signal Swmain is demodulated by us- 
ing the carrier signal obtained by supplying the detected 
signal (push-pull signal) Swmain of the detector 152 to 
the PLL circuit 202b. As mentioned in the first embodi- 
ment, since the optical spots SP1, SPM, and SP2 radi- 
ated on the sub track ST1 , the main track MT, and the 
sub track ST2 are respectively deviated in a direction of 
reading information, a use of the same carrier signal in 
all the demodulation units 201 to 203 could not cope with 
the phases of the detected signals read from the respec- 
tive tracks. Therefore, the carrier signal generated by 
the PLL circuit 202b is not supplied directly to the de- 
modulation units 201 and 203, but supplied to the de- 
modulation unit 201 through the phase shifter 217 and 
to the demodulation unit 203 through the phase shifter 
218. This phase shift of the carrier signal makes it pos- 



sible to adjust the phase of the carrier signal entered 
into the demodulation units 201 and 203 to the phase of 
the detected signal. 

[01 18] In the coefficient controlling unit 205, the con- 

5 trolling coefficient k1 is supplied to the multiplier 211 
based on the push-pull demodulation signal S 20 i sup- 
plied from the low-path filter 201a of the demodulation 
unit 201 and the address demodulation signal Sdemod 
supplied at last. 

10 [0119] In the coefficient controlling unit 206, the con- 
trolling coefficient k2 is supplied to the multiplier 212 
based on a comparison between the push-pull demod- 
ulation signal S 2 o2 supplied from the low-path filter 203a 
of the demodulation unit 203 and the address demodu- 

15 lation signal Sdemod supplied at last. 

[0120] The output values of the multipliers 211 and 
21 2 are subtracted from the push-pull demodulation sig- 
nal s 205 supplied from the low-path filter 202a of the de- 
modulation unit 202, thereby canceling the crosstalk de- 

20 pending on the respective coefficients k1 and k2 and 
generating the address demodulation signal Sdemod. 
[0121] In the circuit of FIG. 8, a loop circuit formed by 
the coefficient controlling unit 205 and the multiplier 211 
performs a feedback control for defining the coefficient 

25 }<1 so as to minimize the crosstalk of the push-pull signal 
of the sub track ST1 included in the address demodula- 
tion signal Sdemod. A loop circuit formed by the coeffi- 
cient controlling unit 206 and the multiplier 21 2 performs 
a feedback control for defining the coefficient k2 so as 

30 to minimize the crosstalk of the push-pull signal of the 
sub track ST2 included in the address demodulation sig- 
nal Sdemod. 

[01 22] A control method of coefficient performed by 
the coefficient controlling unit will be described with ref- 

35 erence to FIGS. 1 2 to 1 8. Although the coefficient con- 
trol method will be described, for convenience sake : var- 
ious methods described below can be applied not only 
to this embodiment but also to the basic structure shown 
in FIG. 3 and FIG. 7. 

40 [0123] Fig. 12 is a conceptual view showing one ex- 
ample of a method of controlling an adopted coefficient. 
[0124] In the example shown in FIG. 12, an error 
(crosstalk) of the demodulated address signal of the 
main track after the crosstalk cancellation is detected, 

45 and a correlation between the error and the demodulat- 
ed signal of the track (sub track) adjacent to the main 
track is examined. The signal of the adjacent tack is sub- 
tracted from the signal of the main track by the intensity 
depending on the coefficient determined by integrating 

50 the correlation value. According to this processing, 
when there is no correlation, in other words, when the 
crosstalk of the signal of the main track is completely 
canceled, the coefficient becomes stable as it is. 
[01 25] Next, method of detecting the error will be de- 

55 scribed. 

[0126] As a method of detecting an error, there are 

methods shown in FIG. 13 and FIG. 14. 

[0127] FIG. 13 is a view showing an ideal waveform 
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including no crosstalk and a waveform after demodula- 
tion of the main track, and FIG. 14 is a schematic view 
showing a block diagram for detecting an error. 
[0128] In this method, the value of the demodulated 
signal of the main track after the crosstalk cancellation 
is compared with reference levels (binary values of Lev- 
el (+) and Level (-1)). Which reference level of the binary 
values to use is determined by converting the demodu- 
lated signal level of the main track to binary code (+1 
and - 1 ) and checking the data; if the check data is "+1 
it may be compared with Level (+1), and if the check 
data is it may be compared with Level (-1). For ex- 
ample, the reference levels, Level (+1) and Level (-1) 
may be determined by averaging the demodulated sig- 
nal level of the main track before the crosstalk cancel- 
lation for every check level ("+1" and Alternatively 
it may be determined by averaging the demodulated sig- 
nal level of the main track afterthe crosstalk cancellation 
for every check level ("+" and "-1"). 
[01 29] FIG. 1 5 and FIG. 1 6 show the case of using a 
level at a zero cross point as a method of detecting an 
error. FIG. 15 is a view showing a waveform after de- 
modulation of the main track and an ideal waveform in- 
cluding no crosstalk and FIG. 16 is a conceptual view 
showing a block diagram for detecting an error. 
[0130] As illustrated in FIG. 15 and FIG. 16, this error 
detecting method adopts a signal level at a zero cross 
point in the demodulated signal of the main track after 
the crosstalk cancellation. 

[0131] In this case, since the reference level is always 
Level (0), it is not necessary to switch reference levels 
and it has the advantage of ensuring an error detection 
without being influenced by the amplitude of a signal. At 
a.zero cross point, however, it is necessary to sample a 
signal at a timing when the demodulated signal of the 
main track should be zero, and therefore, a sampling 
switch ssw becomes necessary. For example, as illus- 
trated in FIG. 16, sampling at a zero cross point is ena- 
bled by turning on the sampling switch ssw in accord- 
ance with a timing of switching data when converting the 
demodulated signal level of the main track after the 
crosstalk cancellation to binary code. 
[0132] In this method, the sampling value at a zero 
cross point is compared with the reference level, Level 
(0), and as illustrated in FIG. 12, the above difference is 
integrated to be averaged in time, hence to determine 
the coefficient. 

[0133] The method shown in FIG. 17 and FIG. 18 is 
to compare the value of the demodulated signal of the 
main track afterthe crosstalk cancellation and the value 
at a zero cross point respectively with the reference lev- 
els (three values of Level (+1 ), Level (-1 ), and Level (0)), 
as a method of detecting an error. FIG. 17 is a view 
showing a waveform after demodulation of the main 
track and an ideal waveform including no crosstalk, and 
FIG. 18 is a conceptual view showing a block diagram 
for detecting an error. 

[01 34] This method is caused by combining the meth- 



od shown in FIG . 1 3 and FIG . 1 4 with the method shown 
in FIG. 15 and FIG. 16. Which reference level of the 
three to use can be determined by the same way as 
shown in FIG. 13 and FIG. 14. Further, check at a zero 
5 cross point can be performed bythe same way as shown 
in FIG. 15 and FIG. 16. 

[0135] The reference level can be determined by av- 
eraging the demodulated signal level of the main track 
after the crosstalk cancellation for every check level 
("+1", "0", and "-1"). Alternatively, it may be determined 
by averaging the demodulated signal level of the main 
track afterthe crosstalk cancellation for every check lev- 
el ("+1", "0",and M"). 

[01 36] Since an error of the demodulated signal of the 
main track afterthe crosstalk cancellation is extracted 
with respect to three values (+1 , -1 , and 0) in this meth- 
od, the number of samples for error detection is in- 
creased, thereby having the advantage of decreasing 
influence of noise on the coefficient control. 

- Optical Recording Medium — 

[0137] Hereinafter, an embodiment of an optical re- 
cording medium according to the present invention will 
be described by using FIG. 19 and FIG. 20. 
[0138] In the information playback apparatus of the 
present invention, crosstalk from the adjacent tracks is 
canceled at playback of wobbles. On the contrary, in the 
optical recording medium of the present invention, 
crosstalk at playback of wobbles is predicted and the 
predicted crosstalk is canceled at recording of wobbles. 
[0139] FIG. 1 9 is a circuit view showing an apparatus 
for determining a wobble signal used in recording a wob- 
ble of an optical disc. As illustrated in FIG. 19, this ap- 
paratus is provided with a three-channel (three tracks) 
signal generating block BK1 including: an address en- 
coder 401 for supplying encoded address data; a mod- 
ulation unit 402 for modulating the address data sup- 
plied from the address encoder 401 to obtain a wobble 
signal; and delay units 403 and 404 for recording a wob- 
ble signal for one track (one circumference of an optical 
disk) and supplying a wobble signal at a timing delayed 
by one track. 

[0140] According to the circuit, a wobble signal of a 
track to be recorded (main track) is supplied from the 
delay unit 403, and wobble signals to be recorded in the 
both tracks (sub tracks) adjacent to the main track are 
supplied from the modulation unit 402 and the delay unit 
404. A signal obtained by subtracting from the output 
signal of the delay unit 403, a signal determined by mul- 
tiplying the output signals from the modulation unit 402 
and the delay unit 404 by respective proper coefficients 
k1 and k2, is recorded in an optical disc. The coefficients 
of multipliers 405 and 406 to multiply the output signals 
of the modulation unit 402 and the delay unit 404 by are 
set at a fixed value. For example, the coefficient k1 and 
k2 are set at 0 to -0.25 (about -0.1). In the case of ad- 
dition, instead of subtraction, the coefficient k1 and k2 
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are set at a fixed value of 0 to +0.25. 
[0141] Thus, a crosstalk signal having a polarity re- 
versed to the crosstalk generated at playback is sub- 
tracted from the wobble signal of a track to be recorded. 
As a result, the crosstalk generated at playback and the 
crosstalk having the reversed polarity which is added at 
a recording time cancel each other out, thereby enabling 
playback of a wobble signal free from crosstalk (having 
less crosstalk). 

[0142] Since the both crosstalk from the tracks adja- 
cent to the sub tracks is not added to the wobbfe signals 
supplied from the modulation unit 402 and the delay unit 
404, strictly speaking, these wobble signals are different 
from the actually predicted wobble signals, and there- 
fore the crosstalk as for the main track is not canceled 
completely. 

[0143] The coefficients k1 and k2, however, are the 
values of, for example, -0.1 or so. Therefore, instead of 
a signal after the crosstalk cancellation, a signal before 
the crosstalk cancellation can be used practically with- 
out any problems. Even if there is an error of about 10 
percent (about 0.1 ) in the value obtained by multiplying 
a predicted crosstalk signal, namely, a signal before the 
crosstalk cancellation by the coefficients k1 and k2, the 
error may affect the wobble signal to be recorded only 
with the order of 0.1 x 0.1=0.01 (1%). 
[0144] Considering the crosstalk with respect to the 
adjacent tracks (sub track), it may be reflected to the 
crosstalk cancellation as for the main track. In this case, 
a wobble signal of the main track (after the crosstalk 
cancellation) proves to be generated based on the wob- 
ble signals in the range of two tracks distant from the 
main track, that is, the wobble signals of five tracks in 
total including the main track. 

[0145] FIG. 20 is a circuit view showing another ap- 
paratus for determining a wobble signal used in record- 
ing a wobble of an optical disc. Also in the case of using 
this apparatus, the same effect as in the case of using 
the apparatus of FIG. 19 can be obtained. 
[0146] In this apparatus, instead of generating the 
wobbles for three tracks by the delay unit, address of 
each track is generated, encoded, and modulated, 
thereby obtaining the wobble signals for three channels 
(three tracks). Since a disc system is standardized in 
recording start address, radius, and linear recording 
density, if the address of one track is found, the address 
of the adjacent tracks can be determined by calculation. 
[0147] As illustrated in FIG. 20, this apparatus is pro- 
vided with a three-channel signal generating block BK2 
including: an address generator 501 for supplying the 
address data of a main track to be recorded; address 
generators 502 and 503 for supplying the address data 
of the sub tracks adjacent to the main track based on 
the address data supplied from the address generator 
501 ; an encoder 505 for encoding the output signal of 
the address generator 501 ; a modulation unit 506 for 
modulating the output signal of the encoder 505; an en- 
coder 507 for encoding the output signal of the address 



generator 502; a modulation unit 508 for modulating the 
output signal of the encoder 507; an encoder 509 for 
encoding the output signal of the address generator 
503; and a modulation unit 51 0 for modulating the output 

5 signal of the encoder 509. 

[0148] The modulation unit 506 supplies the wobble 
signal (before the crosstalk cancellation) of the main 
track, and the modulation unit 508 and the modulation 
unit 51 0 supply the wobble signals of the sub tracks. A 

10 signal obtained by subtracting a signal which is deter- 
mined by multiplying the output signals of the modula- 
tion unit 508 and the modulation unit 51 0 by the proper 
coefficients k1 and k2, from the output signal of the mod- 
ulation unit 506, is recorded in an optical disc. The co- 

15 efficients of multipliers 511 and 51 2 by which the output 
signals of the modulation unit 508 and the modulation 
unit 510 are multiplied are set at a fixed value; for ex- 
ample, the coefficients k1 and k2 are set at 0 to -0.25 
(about -0.1) (0 to +0.25 in the case of addition). 

20 [0149] As mentioned above, according to the optical 
recording medium of the present invention, the wobble 
of a track is formed in a way of previously canceling the 
crosstalk from the adjacent tracks at playback. There- 
fore, the crosstalk from the adjacent tracks is equally 

25 canceled at actual playback. 



Claims 

30 1. An information playback apparatus (200) for read- 
ing information of an optical recording medium, 
characterized in that the apparatus comprises: 

a first detecting device (152) which supplies a 
35 difference between respective output signals 

optically obtained by a pair of detectors for 
reading information of a first track (MT); 
a second detecting device (151 ) which supplies 
a difference between respective output signals 
^0 optically obtained by a pair of detectors for 

reading information of a second track (ST1 ) ad- 
jacent to the first track; 

a first demodulating device (202) which demod- 
ulates a detected signal supplied from the first 

45 detecting device; 

a second demodulating device (201 ) which de- 
modulates a detected signal supplied from the 
second detecting device; 
a crosstalk extracting device (205) which ex- 

50 tracts crosstalk caused by the second track, 

which is included in a demodulation signal ob- 
tained by the first demodulating device, from 
the same signal; and 

a coefficient controlling device (205) which con- 
55 trols a coefficient based on the crosstalk ex- 

tracted by the crosstalk extracting device; and 
a crosstalk canceling device (211) for canceling 
the above crosstalk on the basis of the coeffi- 
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cient calculated by the coefficient controlling 
device. 

2. The information playback apparatus (200) accord- 
ing to claim 1 , wherein 

the coefficient controlling device (205) calcu- 
lates a correlation between the crosstalk extracted 
by the crosstalk extracting device and the demod- 
ulation signal obtained by the second demodulating 
device and controls the coefficient so as to reduce 
the correlation. 

3. The information playback apparatus (200) accord- 
ing to claim 1 or 2, wherein 

the crosstalk canceling device (211) cancels 
the crosstalk in a signal before demodulation by the 
first demodulating device. 

4. The information playback apparatus (200) accord- 
ing to claim 1 or 2, wherein 

the crosstalk canceling device (211) cancels 
the crosstalk in a demodulated signal by the first de- 
modulating device. 

5. . The information playback apparatus (200) accord- 

ing to any one of claims 1 to 4, wherein 

the first detecting device (1 52) and the second 
detecting device (151) detect wobbles of tracks 
formed on the optical recording medium. 

6. The information playback apparatus (200) accord- 
ing to any one of claims 1 to 5, wherein 

the first demodulating device (202) and the 
second demodulating device (201) demodulate 
_ phase-modulated wobbles. 

7. The information playback apparatus (200) accord- 
ing to any one of claims 1 to 6, further comprising: 



carrier signal being supplied to the second de- 
modulating device (201); and 
a phase adjusting device (217) for adjusting 
phase of the carrier signal in accordance with 
5 phases of the output signals of the first detect- 

ing device (152) and the second detecting de- 
vice (151). 

9. The information playback apparatus (200) accord- 
10 ing to any one of claims 2 to 8, wherein 

the crosstalk extracting device (205) extracts 
the crosstalk by comparison between the value of 
an output signal of the first demodulating device 
(202) having the crosstalk canceled and two refer- 
15 ence levels. 

10. The information playback apparatus (200) accord- 
ing to any one of claims 2 to 8, wherein 

the crosstalk extracting device (205) extracts 
20 the crosstalk based on a signal level at a zero cross 
point in the output signal of the first demodulating 
device (202) having the crosstalk canceled. 

11. The information playback apparatus (200) accord- 
25 ing to any one of claims 2 to 8, wherein 

the crosstalk extracting device (205) extracts 
the crosstalk by comparison of the value of an out- 
put signal of the first demodulating device (202) 
having the crosstalk canceled and the value at a ze- 
30 ro cross point of the output signal with three refer- 
ence levels. 

12. An information playback apparatus (200) for read- 
ing information of an optical recording medium, 

35 characterized in that the apparatus comprises: 

a first detecting device (152) which supplies a 
difference between respective output signals 
optically obtained by a pair of detectors for 
reading information of a first track (MT); 
a second detecting device (151) and a third de- 
tecting device (153) which respectively sup- 
plies a difference between output signals opti- 
cally obtained by each pair of detectors for 
reading respective information of a second 
track (ST1) and a third track (ST2) on the both 
sides adjacent to the first track (MT); 
a first demodulating device (202) which demod- 
ulates a detected signal supplied from the first 
detecting device (152); 

a second demodulating device (201 ) which de- 
modulates a detected signal supplied from the 
second detecting device (151); 
a third demodulating device (203) which de- 
modulates a detected signal supplied from the 
third detecting device (153); 
a crosstalk extracting device (205, 206) which 
extracts crosstalk caused by the second track 



a positional deviation compensating device 40 
(217) which compensates timing correspond- 
ing to each positional deviation of the first de- 
tecting device (152) and the second detecting 
device (151) in a direction of reading informa- 
tion, wherein *5 
the crosstalk canceling device (211) performs 
the control in a state of adjusting timing be- 
tween a signal obtained through the first detect- 
ing device (152), the signal being adjusted in 
good timing by the positional deviation com- so 
pensating device (217), and a signal obtained 
through the second detecting device (151). 

8. The information playback apparatus (200) accord- 
ing to any one of claims 1 to 7, further comprising: 55 

a carrier signal reading device (202b) which 
reads a carrier signal of the first track (MT), the 
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(ST1 ) and the third track (ST2), which is includ- 
ed in a demodulation signal obtained by the first 
demodulating device (202), from the same sig- 
nal; 

a coefficient controlling device (205, 206) which 
controls a coefficient based on the crosstalk ex- 
tracted by the crosstalk extracting device (205, 
206); and 

a crosstalk canceling device (211,212) for can- 
celing the above crosstalk on the basis of the 
coefficient calculated by the coefficient control- 
ling device (205, 206). 

13. The information playback apparatus (200) accord- 
ing to claim 12, wherein 

the coefficient controlling device (205, 206) 
respectively calculates a correlation between the 
crosstalk extracted by the crosstalk extracting de- 
vice (205) and the demodulation signal obtained by 
the second demodulating device (201 ) and a corre- 
lation between the crosstalk extracted by the cross- 
talk extracting device (205) and the demodulation 
signal obtained by the third demodulating device 
(203), and controls the coefficients for use in the 
crosstalk canceling device (211, 212) so as to re- 
duce the correlation. 

14. The information playback apparatus (200) accord- 
ing to claim 12 or 13, wherein 

the crosstalk canceling device (21 1,212) can- 
cels the crosstalk in a signal before demodulation 
by the first demodulating device (202). 

15. The information playback apparatus (200) accord- 
ing to claim 12 or 13, wherein 

the crosstalk canceling device (211,212) can- 
cels the crosstalk in a demodulated signal by the 
first demodulating device (202). 

16. The information playback apparatus (200) accord- 
ing to any one of claims 12 to 15, wherein 

the first detecting device (152), the second 
detecting device (151), and the third detecting de- 
vice (153) detect wobbles of tracks formed on the 
optical recording medium. 

17. The information playback apparatus (200) accord- 
ing to any one of claims 12 to 16, wherein 

the first demodulating device (202), the sec- 
ond demodulating device (201), and the third de- 
modulating device (203) demodulate phase-modu- 
lated wobbles. 

18. The information playback apparatus (200) accord- 
ing to any one of claims 1 2 to 1 7, further comprising 

a positional deviation compensating device 
(217, 218) which compensates timing correspond- 
ing to positional deviations of the first detecting de- 



vice (152), the second detecting device (151), and 
the third detecting device (153) in a direction of 
reading information, wherein 

the crosstalk canceling device (211 ,212) per- 
forms the control in a state of adjusting timing 
among a signal obtained through the first detecting 
device (1 52), the signal being adjusted in good tim- 
ing by the positional deviation compensating device 
(217, 218), a signal obtained through the second 
detecting device (151), and a signal obtained 
through the third detecting device (1 53). 

19. The information playback apparatus (200) accord- 
ing to any one of claims 1 2 to 1 8, further comprising: 

a carrier signal reading device (202b) which 
reads a carrier signal of the first track (MT), the 
carrier signal being supplied to the second de- 
modulating device (202) and the third demod- 
ulating device (203); and 
a phase adjusting device (217, 218) which ad- 
justs phases of the carrier signals in accord- 
ance with phases of the output signals of the 
first detecting device (152), the second detect- 
ing device (151), and the third detecting device 
(153). 

20. The information playback apparatus (200) accord- 
ing to any one of claims 1 3 to 19, wherein 

the crosstalk extracting device (205) extracts 
the crosstalk by comparison between the value of 
an output signal of the first demodulating device 
(202) having the crosstalk canceled and two refer- 
ence levels. 

21 . The information playback apparatus (200) accord- 
ing to any one of claims 1 3 to 19, wherein 

the crosstalk extracting device (205) extracts 
the crosstalk based on a signal level at a zero cross 
point in the output signal of the first demodulating 
device (202) having the crosstalk canceled. 

22. The information playback apparatus (200) accord- 
ing to any one of claims 13 to 19, wherein 

the crosstalk extracting device (205) extracts 
the crosstalk by comparison of the value of an out- 
put signal of the first demodulating device (202) 
having the crosstalk canceled and the value at a ze- 
ro cross point of the output signal with three refer- 
ence levels. 

23. An optical recording medium with tracks wobbled, 
characterized in that 

a wobble of the tracks is formed in a shape of 
canceling the crosstalk from a second track (ST1) 
adjacent to a first track (MT) at playback of the first 
track. 
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24. The optical recording medium according to claim 

23, wherein 

an add-subtract ratio of a wobble of the sec- 
ond track (ST1) to a wobble of the first track (MT) 
is fixed at a constant value on the whole tracks. 

25. The optical recording medium according to claim 

24, wherein the add-subtract ratio is in a range of 
-0.25 to 0.25. 

26. The optical recording medium with tracks wobbled, 
characterized in that 

a wobble of the tracks is formed in a shape of 
canceling the crosstalk from a second track (ST1) 
and a third track (ST2) adjacent to a first track (MT) 
at playback of the first track. 

27. The optical recording medium according to claim 

26, wherein 

an add-subtract ratio of the wobbles of the 
second track (ST1) and the third track (ST2) to the 
wobble of the first track (MT) is fixed at a constant 
value on the whole tracks. 

28: The optical recording medium according to claim 

27, wherein the add-subtract ratio is in a range of 
-0.25 to 0.25. 

29. The optical recording medium according to any one 
of claims 23 to 28, wherein 

an information is recorded by the phase-mod- 
ulated wobbles. 

30. A crosstalk canceling method of canceling a cross- 
talk in an information playback apparatus (200) hav- 
ing a first detecting device (152) which supplies a 
difference between respective output signals opti- 
cally obtained by a pair of detectors which reads in- 
formation of a first track (MT) of an optical recording 
medium and a second detecting device (151 ) which 
supplies a difference between respective output 
signals optically obtained by a pair of detectors for 
reading information of a second track (ST1) adja- 
cent to the first track : characterized in that the 
method comprises: 

a first demodulating process for demodulating 
a detected signal supplied from the first detect- 
ing device (152); 

a second demodulating process for demodulat- 
ing a detected signal supplied from the second 
detecting device (151); 

a crosstalk extracting process for extracting 
crosstalk caused by the second track (ST1), 
which is included in a demodulation signal ob- 
tained in the first demodulating process, from 
the same signal; 

a coefficient controlling process for controlling 



a coefficient based on the crosstalk extracted 
by the crosstalk extracting process; and 
a crosstalk canceling process for canceling the 
above crosstalk on the basis of the coefficient 
s calculated by the coefficient controlling proc- 

ess. 

31 . A crosstalk canceling method of canceling a cross- 
talk in an information playback apparatus (200) hav- 

10 jng a first detecting device (152) which supplies a 
difference between respective output signals opti- 
cally obtained by a pair of detectors for reading in- 
formation of a first track (MT) of an optical recording 
medium and a second detecting device (151) and 

15 a third detecting device (153) for respectively sup- 
plying a difference between respective output sig- 
nals optically obtained by each pair of detectors for 
reading respective information of a second track 
(ST1) and a third track (ST2) on the both sides ad- 

20 jacent to the first track, characterized in that the 
method comprises: 

a first demodulating process for demodulating 
a detected signal supplied from the first detect- 
25 ing device (152); 

a second demodulating process for demodulat- 
ing a detected signal supplied from the second 
detecting device (151); 

a third demodulating process for demodulating 
30 a detected signal supplied from the third detect- 

ing device (153); 

a crosstalk extracting process for extracting 
crosstalk caused by the second track (ST1 ) and 
the third track (ST2) : which is included in a de- 

35 modulation signal obtained by the first demod- 

ulating process, from the same signal; 
a coefficient controlling process for controlling 
a coefficient based on the crosstalk extracted 
by the crosstalk extracting process; and 

40 a crosstalk canceling process for canceling the 

above crosstalk on the basis of the coefficient 
calculated by the coefficient controlling proc- 
ess. 

45 32. A signal processing apparatus that is applied to an 
information playback apparatus (200) for reading 
information of an optical recording medium, com- 
prising: a first detecting device (1 52) which supplies 
a difference between respective output signals op- 

50 tically obtained by a pair of detectors for reading in- 
formation of a first track (MT) of the optical recording 
medium; and a second detecting device (1 51 ) which 
supplies a difference between respective output 
signals optically obtained by a pair of detectors for 

55 reading information of a second track (ST1) adja- 
cent to the first track, characterized in that the sig- 
nal processing apparatus comprises: 
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a first demodulating device (202) which demod- 
ulates a detected signal supplied from the first 
detecting device; 

a second demodulating device (201 ) which de- 
modulates a detected signal supplied from the 5 
second detecting device; 
a crosstalk extracting device (205) which ex- 
tracts crosstalk caused by the second track, 
which is included in a demodulation signal ob- 
tained by the first demodulating device, from 10 
the same signal; 

a coefficient controlling device (205) which con- 
trols a coefficient based on the crosstalk ex- 
tracted by the crosstalk extracting device; and 
a crosstalk canceling device (211) for canceling 15 
the above crosstalk on the basis of the coeffi- 
cient calculated by the coefficient controlling 
device. 

33. A signal processing apparatus that is applied to an 20 
information playback apparatus (200) for reading 
information of an optical recording medium, com- 
prising a first detecting device (152) which supplies 
a difference between respective output signals op- 
tically obtained by a pair of detectors for reading in- 25 
formation of a first track (MT); and a second detect- 
ing device (151) and a third detecting device (153) 
which respectively supplies a difference between 
output signals optically obtained by each pair of de- 
tectors for reading respective information of a sec- 30 
ond track (ST1 ) and a third track (ST2) on the both 
sides adjacentto thefirsttrack (MT), characterized 
in that the signal processing apparatus comprises: 

a first demodulating device (202) which demod- 35 
ulates a detected signal supplied from the first 
detecting device (152); 

a second demodulating device (201 ) which de- 
modulates a detected signal supplied from the 
second detecting device (151); 40 
a third demodulating device (203) which de- 
modulates a detected signal supplied from the 
third detecting device (153); 
a crosstalk extracting device (205, 206) which 
extracts crosstalk caused by the second track *s 
(ST1 ) and the third track (ST2), which is includ- 
ed in a demodulation signal obtained by the first 
demodulating device (202), from the same sig- 
nal; 

a coefficient controlling device (205, 206) which 50 
controls a coefficient based on the crosstalk ex- 
tracted by the crosstalk extracting device (205, 
206); and 

a crosstalk canceling device (21 1,212) for can- 
celing the above crosstalk on the basis of the 55 
coefficient calculated by the coefficient control- 
ling device (205, 206). 
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